The synthesis, crystal structure and resistivity of a new semiconducting BEDT-TTF radical-cation salt containing the tris(oxalato)germanate (IV) 
Introduction
Radical-cation salts of BEDT-TTF with tris(oxalato)metallate anions represent a large family of materials which combine magnetism and conductivity together in the same lattice. Salts having the formula (BEDT-TTF) 4 3 Cr, 4 Ga, 5 Al, 6 Co, 6 Ru 7 ). Changing the guest molecule has a significant effect on the packing motif of the conducting donor layer through hydrogen bonding interactions with the terminal ethylene groups on the BEDT-TTF molecules. Superconductivity is observed in some of the salts having a β′′ donor packing motif, but this superconductivity can be supressed by changing the size and shape of the guest solvent molecule. 8 Some salts remain metallic down to low temperatures, others show a metal-insulator transition. For larger guest molecules which do not fit symmetrically within the anion layer different interactions with neighbouring donor layers leads to different donor packing modes being observed in alternate layers. This produces bilayered radical-cation salts with α-pseudo-κ 9 or α-β′′ 10 donor packing. There are only three previous examples in this family which contain the tris(oxalato)germanate(IV) anion. All three are semiconductors with novel packing arrangements of both the BEDT-TTF layers and the tris(oxalato)germanate anions. Use of an anion with a charge of 2-gives salts that are not isostructural with the 3-examples in which the tris(oxalato)metallate(III) anions and cations form 2D honeycomb sheets. (BEDT-TTF) 2 All three of the previously reported radical-cation salts containing Ge(IV) were synthesised from the ammonium salt of tris(oxalato)germanate(IV). In all three cases the ammonium cation is not included in the radical-cation salt, unlike when using ammonium salts of
3-where the ammonium (or hydroxonium) cation is included in the majority of cases. This produces a hexagonal packing of the anion layer which can lead to metallic and even superconducting depending on the donor packing arrangement through subtle hydrogen bonding interactions between the donor and anion layer. It has been previously observed that changing from the ammonium to caesium cation with [M(C 2 O 4 ) 3 ]
3-leads to a change in the anion layer packing. The caesium cation in not included in the radical-cation salt and hexagonal packing of the tris(oxalato) anions is not found, instead hydrogen-bonded chains of water molecules are present. 14 We have attempted to introduce counter cations other than ammonium into the lattice with
2-to explore whether it is possible to obtain new materials through crystal engineering and if it is possible to obtain a hexagonal packing arrangement to the anion layer similar to that observed when using
We report here a new addition to this family of radical-cation salts synthesised from the caesium salt of tris(oxalato)germanate(IV) using the solvent dichloromethane. The caesium cation is not included in the radical-cation salt but both the anion and donor packing obtained is novel in this family of materials. 15 BEDT-TTF, dichloromethane and 18-crown-6 were purchased from Sigma Aldrich and used as received.
Experimental

Synthesis of BEDT-TTF 4 [Ge(C 2 O 4 ) 3 ].0.5dichloromethane (I)
Crystals of I were grown on platinum electrodes by electrocrystallisation in 40ml Hshaped electrochemical cells. Platinum electrodes were cleaned by applying a voltage across the electrodes in 1 M H 2 SO 4 in each direction to produce H 2 and O 2 at the electrodes, then washed with distilled water and thoroughly dried. A solution of Cs 2 [Ge(C 2 O 4 ) 3 ] (100mg), 18-crown-6 (200mg), dichloromethane (40ml) and 3 drops of distilled water was stirred until dissolution of the anion. This solution was then filtered into a H-cell containing BEDT-TTF (10mg) in the base of the anode compartment. The H-cell was then attached to a constant current source (0.1μA) in a dark bo x on a vibration-free table. After 1 week a large number of black rhombus shaped crystals had formed an evenly distributed layer around electrode.
Transport measurements.
Four-probe DC transport measurements were made on crystals of I using a HUSO HECS 994C multi-channel conductometer. Gold wires (15 μm diameter) were attached to the crystal with gold conductive cement. The attached wires were connected to an integrated circuit plug with gold conductive cement. 
Crystal data
Results and Discussion
The asymmetric unit of BEDT-TTF 4 [Ge(C 2 O 4 ) 3 ].0.5dichloromethane (I) consists of four BEDT-TTF molecules, one tris(oxalato)germanate anion and half a dichloromethane molecule, which is located about the centre of symmetry and so is disordered. (Fig. 1) . There are discrete layers with tris(oxalato)germanate anions and dichloromethane molecules occupying one layer, and the donor occupying the other (Fig. 2) . The BEDT-TTF stacks consist of repeating blocks of the four crystallographically independent molecules (Fig. 3) . The central C=C bonds of each of the BEDT-TTF are directly aligned with each other within the block of four. The BEDT-TTF molecules in the next block of four are shifted with the central C=C aligned with a six-membered ring of the BEDTTTFs in the neighbouring block. The two central BEDT-TTFs in each block of four (B and C) have eclipsed ethylene groups at both ends, whilst the two outer BEDT-TTFs (A and D) are bent and have an eclipsed ethylene at one end and a boat conformation at the other end (Fig. 3) . Each block of four BEDT-TTF molecules forms several short side-to-side S…S contacts with BEDT-TTF molecules outside of the parent block and four face-to-face contacts within each block (Table 1 , Fig. 4) . Three of the face-to-face S…S contacts are between the central BEDT-TTF molecules B and C (S13…S21: 3.457 Å, S11…S19: 3.452 Å, S12…S20: 3.579 Å) and the fourth is between BEDT-TTF molecules C and D (S19…S27: 3.518 Å). The charge on each donor, Q, has been approximated according to the method of Kepert et. al. 16 by taking averages of the bond lengths of the BEDT-TTF molecules (Table 2) . Using this method the charges of the central pair of BEDT-TTFs within a block are approximated at 1.01+ for donor B and 1.15+ for donor C. The close face-to-face S…S contacts and approximated charges would suggest that donors B and C form a dimer (BEDT-TTF) 2 2+ . The charge on the [Ge(C 2 O 4 ) 3 ] anion is 2-therefore the total combined charge for (BEDT-TTF) 4 should be 2+. Hence the outer donor molecules A and D should both be BEDT-TTF 0 . Using the bond lengths to approximate the charges we obtain values of 0.28+ and 0.40+ for A and D, respectively, which may have an error owing to the bent nature of these two BEDT-TTF molecules.
Table 2
Average bond lengths and approximation of charge on the BEDT-TTF molecules of I. δ = (b+c)-(a+d), Q = 6.347-7.463δ. . Figure 5 shows the anion layer viewed down the a axis. Identical enantiomers form rows in the b direction. In the c direction the two enantiomers do not alternate but are arranged in the pattern ΔΔΛΛΔΔΛΛ which leads to an overall racemic lattice. Two BEDT-TTF molecules (A and B) form short contacts with separate [Ge(C 2 O 4 ) 3 ]
2-anions (O7…S7: 3.233 Å, O11…S16: 3.202 Å). Reproducible four-probe resistivity measurements were performed on crystals of I which has a room temperature resistivity of 212 ohm cm and shows semiconducting behaviour, E a = 0.224 eV (Fig. 6) . This is the lowest room temperature resistivity and the smallest activation energy observed compared to the previous three radical-cation salts of BEDT-TTF with the [Ge(C 2 O 4 ) 3 ] 2-anion.
Conclusions
A novel radical-cation salt has been synthesised and characterised. (BEDT-TTF) 4 [Ge(C 2 O 4 ) 3 ].0.5dichloromethane was synthesised from the caesium salt of tris(oxalato)germanate(IV) using the solvent dichloromethane, and is a different phase to that obtained from the ammonium salt. The structure has discrete layers of donor and anion, the donors forming stacks of four with a central dimer of (BEDT-TTF) 2
2+
sandwiched between two neutral donors. 
